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Optical Transmission System for Substantially Equalizing the Output Signal Level 
among Frequency Bands and Substantially Lowering the Singal-to-Noise Ratio 

Field of the Invention 

The current invention is generally related to an optical transmission system, and 
more particularly related to substantially equalizing the output signal level among 
frequency bands and substantially lowering the signal-to-noise ratio. 

BACKGROUND OF THE INVENTION 



Wavelength Division Multiplexing (WDM) transmission systems have been used 
as a means to increase the transmission capacity. WDM allows a single optical fiber to 
1 5 send a plurality of optical signals each with a varying wavelength. Optical fiber amplifiers 
such as an Erbium Doped Fiber Amplifier (EDFA) simultaneously amplify a wide range of 
wavelengths. Due to the above simultaneous amplification, the combination of WDM and 
M optical amplifiers enables economical transmission in a large capacity over a long distance 

with relatively simple structures. 

20 

To cover a long distance, optical amplifiers are used in succession for a series of 
spans or portions. Because the spans are not necessarily equal, the actual placement of the 
optical amplifiers is also not equidistant. Consequently, the amount of transmission loss 
varies for each span. For the above varying transmission loss, the input optical level to an 

2 5 optical amplifier is not constant for each optical amplifier, and the gain tilt occur among 
optical signals with different wavelengths. 

The above gain tilt is accumulated over multiple optical amplifiers that are 
connected to a single optical fiber. At a final receiving unit, the gain tilt appears as a 

3 0 significant problem over a long distance. Since the gain tilt may exceed a predetermined 
reception dynamic range of a receiving unit, acceptable reception may not be possible. The 
optical signal levels during the transmission also vary among the wavelengths, and each 
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optical signal receives a varying non-liner effect, 
signal waveform is affected for each wavelength. 



PATENT 

Because of the above reasons, the optical 



The WDM optical gain transmission generally requires an optical signal at a high 
input level to be entered into an optical fiber in order to implement a long distance 
transmission system. It is concerned that the above described non-linear degrading effect 
on transmission would be further exaggerated due to the high optical input signal level. 
One of the non-linear effects is Stimulated Raman Scattering (SRS), which causes - 
excessive loss or gain in optical signals. SRS is a non-linear optical process where a 
portion of the optical fiber input signal acts as stimulating light and energy moves from 
high-frequency signals to low-frequency signals by interacting with the low-frequency 
signals in the optical fibers. Although SRS occurs in all optical fibers, the effect depends 
upon the type of fibers and the frequency difference between the optical signals that are 
involved in energy transfer. 

There is a number of factors for the amount of the above described energy 
transfer. The energy transfer is proportional to the sum of the output optical strength. The 
more wavelengths there are and the wider the wavelength range is in the WDM apparatus, 
the larger the amount of the energy transfers. As a result, the SRS effect is more typically 
seen. Further, the longer the transmission path is, the more apparent the SRS effect 
becomes. Under the influence of the SRS effect, the WDM transmission experiences a 
varying Optical Signal to Noise Ratio (OSNR) among the optical signals with a different 
wavelength since the wavelength signal level discrepancy occurs during transmission and 
the optical input level varies for each optical amplifier. Similar to the inter-wavelength 
gain tilt, the optical output strength also varies for each wavelength during transmission. 
As a result of the varying output strength, the reception wavefonn also experiences 
wavelength-dependent waveform distortions and transmission errors due to self phase 
modulation and wavelength dispersion as well as frequency chirping. 

Prior art WDM systems had operated with a relatively small number of 
wavelengths and a relatively narrow range of frequencies in optical signals. For the above 
reasons, the effect of the inter-wavelength gain tilt and the SRS-induced signal level 
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discrepancy had not been significant. Contrarily, as the communication traffic has 
increased in the recent years, the WDM systems have been demanded to cover a longer 
distance, to accommodate a larger number of frequency signals and to widen a range of the 
frequency. As a result of the added requirements, the effect of the inter-wavelength gain 
5 tilt and the SRS-induced signal level discrepancy can be no longer ignored. It has been 
reported in academics that transmission becomes disabled due to the above described 
increased SRS effects when the initial design capacity for the wavelengths is reached in the 
WDM systems. 

10 To deal with the above described undesirable effects in the WDM systems, prior 

art has considered the discrepancy in gain tilt in optical amplifiers and the wavelength- 
dependent loss in the transmission path. For example, Japanese Patent Publication Hei 8- 
223136 discloses a method of minimizing the gain tilt in the optical amplifiers to obtain the 
minimal OSNR. Another example is Japanese Patent Publication Hei 1 1-55182, which 

15 discloses a method of minimi zing the optical signal level discrepancy and the OSNR at a 
receiving end. The above prior art methods are useful for the situations where the optical 
signal loss amount is equal among the spans in the transmission path. Alternatively, the 
above prior art is also useful if the optical signal loss and the optical amplifier gain tilt are 
not affected by a number of wavelength frequencies in the optical signal to be inputted in 

2 0 an optical amplifier. Unfortunately, the above described prior art technologies do not 

account for the situations where the optical signal loss amount is not equal among the 
spans in the transmission path. The above prior art technologies also fail consider that the 
optical signal output strength is different among a number of wavelength frequencies or 
ranges of frequencies in the optical signal. 

25 

Japanese Patent Publication 2000-183818 discloses the method of adjusting 
optical signal strength at a transmission side for each wavelength by pre-emphasis so as to 
stabilize the OSNR at a receiving side. However, the above method depends upon a range 
and a number of frequencies, and the discrepancy or tilt in signal level among the optical 

3 0 signals may exceed the pre-emphasis guaranty. 
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For the above described reasons, it is desirable to guarantee the OSNR among the 
optical signals at the receiving terminal in the WDM systems. In other words, it is 
desirable to guarantee an equal optical signal loss amount among the spans in the 
transmission path so that the optical amplifier gain tilt is not affected among a number of 
5 wavelength frequencies in the optical signal. Furthermore, it is also desirable to guarantee 
the signal level among frequencies due to SRS during the optical fiber transmission. 

SUMMARY OF THE INVENTION 

In order to solve the above and other problems, according to a first aspect of the 
current invention, a method of controlling optical signal during transmission, including the 
steps of: transmitting a wave division multiplexed optical signal having a predetermined 
set of ranges of wavelengths; amphfying the wave division multiplexed optical signal to 
generate an amplified wave division multiplexed optical signal; monitoring a total optical 
strength level of one of the ranges of the amplified wave division multiplexed optical 
signal; monitoring a probe optical strength level of one of the wavelengths of the amplified 
wave division multiplexed optical signal; and adjusting the amplification based upon the 
total optical strength level and the probe optical strength level so as to substantially reduce 
a gain tilt and an optical signal-to-noise ratio in the amplified wave division multiplexed 
optical signal. 

According to a second aspect of the current invention, a system for controlling 
optical signal during transmission, including: a first and second optical fibers for 
transmitting a wave division multiplexed optical signal having a predetermined set of 

2 5 ranges of wavelengths; an amplifier connected to the first optical fiber for amplifying the 

wave division multiplexed optical signal according to a predetermined amplification 
characteristic to generate an amplified wave division multiplexed optical signal, the 
amplifier outputting the amplified wave division multiplexed optical signal to the second 
optical fiber; a first monitor connected to the second optical fiber for monitoring a total 

3 0 optical strength level of one of the ranges of the amplified wave division multiplexed 

optical signal; a second monitor connected to the second optical fiber for monitoring a 
probe optical strength level of one of the wavelengths of the amplified wave division 
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multiplexed optical signal; and an adjustment unit connected to the amplifier, the first 
monitor and the second monitor for adjusting the amplification characteristic based upon 
the total optical strength level and the probe optical strength level so as to substantially 
reduce a gain tilt and an optical signal-to-noise ratio in the amplified wave division 
multiplexed optical signal 

These and various other advantages and features of novelty which characterize the 
invention .are pointed out with particularity in the claims annexed hereto and forming a part 
hereof. However, for a better understanding of the invention, its advantages, and the 
objects obtained by its use, reference should be made to the drawings which form a further 
part hereof, and to the accompanying descriptive matter, in which there is illustrated and 
described a preferred embodiment of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGURE 1 is a diagram illustrating a Wavelength Division Multiplexing (WDM) 
transmission system in which optical amplifiers generate a varying gain tilt among 
wavelengths due to a different amount of transmission loss per span. 

FIGURE 2 A is a graph illustrating a predetermined input level across the above 
wavelength ranges. 

FIGURE 2B is a graph illustrating that the output optical signal level is higher at 
the long wavelength ranges than that at the short wave length ranges. 

FIGURE 3 is a diagram illustrating one preferred embodiment of the WDM 
systems for transmitting optical signals according to the current invention. 

FIGURE 4 is a diagram illustrating a first preferred embodiment of the optical 
amplifier according to the current invention. 
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FIGURE 5 is a graph illustrating an exemplary spectrum of an optical signal for 
determining a total optical strength level, an average optical strength level and a gain tilt. 

FIGURE 6 is a diagram illustrating one exemplary implementation of the above 
5 described output level control in the preferred embodiment according to the current 
invention. 

FIGURE 7 is a diagram illustrating another exemplary implementation of the 
above described output level control in the preferred embodiment according to the current 
10 invention. 

FIGURE 8 is a diagram illustrating yet another exemplary implementation of the 
above described gain tilt control in the preferred embodiment according to the current 
invention. 

15 

FIGURE 9 is an exemplary graph illustrating various degrees of gain tilt. 

FIGURE 10 is a diagram illustrating one example of adjusted gain tilt during the 
multi-stage transmission. 

20 

FIGURE 1 1 is a diagram illustrating a total optical signal including a signal 
strength portion at the top and a noise strength portion below the signal strength. 

FIGURE 12 is a diagram illustrating another example of adjusted gain tilt during 
25 the multi-stage transmission. 

FIGURE 13 is a diagram illustrating a second preferred embodiment of the 
optical amplifier according to the current invention. 

3 0 FIGURE 14 is a diagram illustrating that the second preferred embodiment 

further includes a discrepancy table. 
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FIGURE 1 5 is a diagram illustrating a third preferred embodiment of the optical 
amplifier according to the current invention. 



FIGURES 16A and 16B are diagrams illustrating the effect of the control as 
5 expressed in Equation 3 . 

FIGURE 17 is a diagram illustrating the effects of the SRS at various points in 
the transmission and the processing results by the third preferred embodiment of the optical 
amplifier according to the current invention. 

10 

FIGURES 18A and 18B are a flow chart illustrating steps involved in a preferred 
process of adjusting the amplification of a wavelength division multiplexed (WDM) 
optical signal according to the current invention. 

15 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT(S) 

Referring now to the drawings, wherein like reference numerals designate 
corresponding structures throughout the views, and referring in particular to FIGURE 1, a 
diagram illustrates that optical amplifiers generate a varying gain tilt among wavelengths 
2 0 due to a different amount of transmission loss per span in the Wavelength Division 

Multiplexing (WDM) transmission system. An optical transmission device 101 transmits 
wavelength division multiplexed signals towards a preamplifier 103. The preamplifier 103 
amplifies the wavelength division multiplexed signals and transmits the amplified division 
multiplexed signals in an optical fiber 400a towards a line amplifier 203a. During the 

2 5 transmission via the optical fiber 400a, the wavelength division multiplexed signals 

experience signal loss. The line amplifier 203a amplifies the wavelength division 
multiplexed signals after the signal loss and further transmits the amplified signal via an 
optical fiber 400b. The above described process is repeated as illustrated by additional line 
amplifiers 203b and 203c as the division multiplexed signals travel through an optical fiber 

3 0 portion 400c and 400d. A different number of circles at the optical fiber portions 400a, 

400b, 400c and 400d denoted a varying distance for a corresponding span. Before the 
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division multiplexed signals reach a reception unit 307, a post amplifier 303 amplifies the 
division multiplexed signals. 

Still referring to FIGURE 1, at each of the amplifiers 103, 203a, 203b, 203c and 
5 303, a spectrum of the division multiplexed signals is illustrated below the corresponding 
one of the amplifier symbols. The spectrum is illustrated to express the wavelength in the 
x axis and the optical signal strength in the y axis. As shown in the diagram, since the 
distance between amplifiers or the span in the long distance multi-stage transmission path 
varies, the signal loss also varies for each span. In general, to control the optical strength 
10 in the output signal from the optical amplifiers, the optical strength of the input signal to 
the optical amplifiers is often limited to a predetermined value. For example, when the 
optical input signal is maintained at -5.5 dBm, although an average output light strength 
level is constant for each span, the gain tilt still exists among optical signals at different 
wavelengths. 

15 

Now referring to FIGURE 2, graphs illustrate the effect of SRS on the signal level 
of various wavelength-based optical signals. In general, an x-axis represents wavelength 
while a y-axis represents an output level or optical strength of the wavelength division 
multiplexed optical signals across the wavelength spectrum. For example, wavelength 
2 0 ranges B, R, LI and L2 respectively range from 1530 nm to 1545 nm, from 1545 to 1560, 
from 1560 nm to 1575 nm and from 1575 nm to 1590 nm. In particular, referring to 
FIGURE 2A, a predetermined input level is maintained across the above wavelength 
ranges B, R, LI and L2. Despite the same input optical signal strength level across the 
wavelength ranges B, R, LI and L2, FIGURE 2B illustrates that the output optical signal 

2 5 level is higher at the long wavelength ranges LI and L2 than that at the short wave length 

ranges B and R. In fact, the output optical strength sequentially increases from the shortest 
range B to the longest range L2. The above described gain tilt occurs due to the energy 
transfer from the short wavelength optical signals to the long wavelength optical signals. 

3 0 FIGURE 3 is a diagram illustrating one preferred embodiment of the WDM 

systems for transmitting optical signals according to the current invention. In general, the 
preferred embodiment includes a transmitting terminal device 100, an intermediate station 
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or booster device 200, a receiving terminal device 300, optical fibers 400(1) through 
400(k-l) that connect the above devices 100, 200 and 300 as well as a monitor control 
device 500. Since the monitor control device 500 controls and monitors the entire system, 
the monitor control device 500 is provided separately from other devices. In the preferred 
5 embodiment, four separate wavelength bands B, R, LI and 12 respectively cover a range 
from 1530 nm to 1545 nm, from 1545 to 1560, from 1560 nm to 1575 nm and from 1575 
nm to 1590 nm. For each of the ranges B, R,X1 and L2, a separate amplifier is provided 
for amplifying the optical signals in the transmitting terminal device 100, the intermediate 
station or booster device 200 and the receiving terminal device 300. For each of the above 
1 0 described amplifiers, a predetermined number N of optical signals is multiplexed with a 
varying wavelength. 

Still referring to FIGURE 3, each of the above devices 100, 200 and 300 is 
described in the following. The transmitting terminal device 100 further includes a set of 

1 5 optical transmitters for each range of the wavelength optical signals. For the B band, the 
optical transmitters 101(1) through 101(n) transmit a predetermined n number of optical 
signals with a varying wavelength. A corresponding multiplexer 102(1) wavelength- 
division multiplexes the transmitted optical signals from the optical transmitters 101(1) 
through 101(n). Subsequently, a corresponding amplifier 103(1) amplifies the wavelength- 

2 0 division multiplexed optical signal from the multiplexer 102(1). Similarly, for the R band, 
the optical transmitters 101(n+l) through 101(2n) transmit an additional n number of 
optical signals with a varying wavelength. A corresponding multiplexer 102(2) 
wavelength-division multiplexes the transmitted optical signals from the optical 
transmitters 101(n+l) through 101(2n). Subsequently, a corresponding amplifier 103(2) 

2 5 amplifies the wavelength-division multiplexed optical signal from the multiplexer 102(2). 

For the LI band, the optical transmitters 101(2n+l) through 101(3n) transmit an additional 
n number of optical signals with a varying wavelength. A corresponding multiplexer 
102(3) wavelength-division multiplexes the transmitted optical signals from the optical 
transmitters 101(2n+l) through 101(3n). Subsequently, a corresponding amplifier 103(3) 

3 0 amplifies the wavelength-division multiplexed optical signal from the multiplexer 102(3). 

For the L2 band, the optical transmitters 101(3n+l) through 101(4n) transmit an additional 
n number of optical signals with a varying wavelength. A corresponding multiplexer 
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102(4) wavelength-division multiplexes the transmitted optical signals from the optical 
transmitters 101(3n+l) through 101(4n). Subsequently, a corresponding amplifier 103(4) 
amplifies the wavelength-division multiplexed optical signal from the multiplexer 102(4). 
Lastly, a second multiplexer 104 further wavelength-division multiplexes the amplified 
5 wavelength-division multiplexed optical signals from the amplifiers 101(1) through 101(4) 
to transmit the multiplexed optical signal to the booster device 200 via the optical fiber 
400(1). 

The booster device 200 further includes a wavelength-division demultiplexer 205, 
a set of optical amplifiers 203(1) through 203(4) and a wavelength-division multiplexer 
204. The wavelength-division demultiplexer 205 demultiplexes the wavelength-division 
multiplexed optical signals from the transmitting device 100 into the four wavelength 
ranges B 5 R, LI and L2. For each of the demultiplexed bands B, R, LI and L2, line 
amplifiers 203(1) through 203(4) respectively amplify the optical signals to compensate the 
corresponding transmission loss. The optically amplified signals are again wavelength- 
division multiplexed in a multiplexed 204. The multiplexed signals are transmitted via 
optical fibers 400(2). Although FIGURE 2 abbreviates the repetition of the above 
described booster devices by the dotted line, a series of the booster devices and 
corresponding optical fibers through a final optical fiber portion 400(k-l) are placed 
depending upon a transmission distance to the receiving device 300. 

Still referring to FIGURE 3, the reception device 300 further includes a 
demultiplexer 305 to demultiplex the wavelength-division multiplexed input signal from 
the optical fiber 400(k-l) into the original four bands B, R, LI and L2. Post amplifiers 

2 5 303(1) through 303(4) respectively amplify the demultiplexed optical signals for the four 

bands B, R, LI and L2. A set of additional demultiplexers 305(1) through 305(4) further 
demultiplexes the amplified initially demultiplexed band signals. For the B band, the 
demultiplexer 306(1) demultiplexes the optical signal to generate the originally 
corresponding optical signals for optical receivers 307(1) through 307(n). Similarly, for 

3 0 the R band, the demultiplexer 306(2) demultiplexes the optical signal to generate the 

originally corresponding optical signals for optical receivers 307(n+l) through 307 (2n). 
For the LI band, the demultiplexer 306(3) demultiplexes the optical signal to generate the 
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originally corresponding optical signals for optical receivers 307(2n+l) through 307(3n). 
Lastly, for the L2 band, the demultiplexer 306(4) demultiplexes the optical signal to 
generate the originally corresponding optical signals for optical receivers 307(3n+l) 
through 307(4n). 

5 

Now referring to FIGURE 4, a diagram illustrates a first preferred embodiment of 
the optical amplifier according to the current invention. The diagram illustrates that an 
optical amplifier 700A monitors a total output optical strength Pnjotal 715 and an output 
probe optical strength Pn_prob 712 for an optical wavelength signal that is included in the 
u 10 WDM optical signal Alternatively, the output probe optical strength Pn_prob 712 is in a 

Q predetermined amplification range. In general, the optical amplifier 700A simultaneously 

G 

controls the total output optical strength 715 in the amplification range and the gain tilt. In 

ffi particular, an amplifier 701 amplifies an optical input signal 705 and outputs an optical 

rj output signal 706. An output level control unit 703 controls the output strength of the 

CO 1 5 amplifier 70 1 while a gain tilt control unit 710 controls the gain tilt of the amplifier 70 1 . 

J™ An output level setting unit 704 stores an external signal 707 for specifying a target optical 

ftJ output signal strength level. A gain tilt setting unit 7 1 3 stores an external signal 708 for 

U 

J a s specifying the gain tilt. The external signal 708 is an average optical strength that is 

O determined by dividing the total output optical strength Pn_total 7 1 5 by a number of 

2 0 wavelengths that is amplified by the apmplifier 70 1 . A narrow optical range filter 7 1 1 

filters out a certain wavelength probe signal from the amplified output signal from the 
amplifier 701 and inputs the filtered wavelength probe signal to an optical strength monitor 
B 716. The optical strength monitor B 716 converts the optical wavelength probe signal to 
an electrical signal Pn_prob 712. 

25 

Still referring to FIGURE 4, similarly, an optical strength monitor A 717 receives 
the amplified output signal from the amplifier 701 and converts the optical signal to an 
electrical signal Pn_total 715. A comparator B 709 compares the gain tilt value from the 
gain tilt setting unit 713 and the electrical signal Pn_prob 712 from the optical strength 

3 0 monitor B 716. The output of the comparator B 709 is inputted into a gain tilt control unit 

710. Based upon the comparison result from the comparator B 709, the gain tilt control 
unit 710 automatically controls the amplifier 701 so as to generate the optical probe signal 
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Pn-prob 712 at a level that is stored in the gain tilt setting unit 713. If the above 
comparison result from the comparator B 709 is negative, the control performs to negate 
the negative in the output. On the other hand, a comparator A compares the optical output 
strength from the target output level setting unit 704 and the electrical signal Pn__total 715 
5 from the optical strength monitor A 717. The output of the comparator A 702 is inputted 
into an output level control unit 703. Based upon the comparison result from the 
comparator A 702, the output level control unit 703 automatically controls the amplifier 
701 so as to generate the optical output signal 706 at a level that is stored in the output 
level setting unit 707. If the above comparison result from the comparator A 702 is 
1 0 negative, the control performs to negate the negative in the output. 

FIGURE 5 is a graph illustrating an exemplary spectrum of an optical signal for 
determining a total optical strength level, an average optical strength level and a gain tilt. 
The optical signal includes four bands or frequency ranges B, R, LI and L2. For each of 

15 the bands B, R, LI and L2, the total optical strength level includes a B-band total optical 
strength level 810, a R-band total optical strength level 81 1, a Ll-band total optical 
strength level 812 and a L2-band total optical strength level 813. For each band, the total 
optical strength level is divided by a number of wavelengths involved in the corresponding 
band to determine the average optical strength level. In other words, the following 

2 0 Equation( 1 ) holds : 



Probe Light = (average optical strength) = (total optical strength )/(a number of wavelengths) 

The average optical strength level includes a B-band average optical strength level 806, a 
2 5 R-band average optical strength level 807, a Ll-band average optical strength level 808 
and a L2-band average optical strength level 809. Furthermore, for each band, an optical 
probe signal is determined and includes a B-band optical probe signal 814, a R-band 
optical probe signal 815, a Ll-band optical probe signal 816 and a L2-band optical probe 
signal 817. 

.3 0 

Still referring to FIGURE 5, certain parameters are determined based upon a 
comparison of the above described values. By comparing the average optical strength level 
and the optical probe signal for each band, a gain tilt is determined between the bands at 
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the output side. Between the B-band and the R-band, a B-R inter band gain tilt is 
determined to be a gain tilt 802. Similarly, between the R-band and the Ll-band, a R-Ll 
inter band gain tilt is determined to be a gain tilt 804. Between the Ll-band and the L2- 
band, a L1-L2 inter band gain tilt is determined to be a gain tilt 805. By comparing the 
5 average optical strength level and the optical probe signal for each band, a gain tilt is 

determined within each of the bands. An inter-band gain tilt 818 is determined for the B- 
band while an inter-band gain tilt 819 is determined for the R-band. To clearly define the 
R inter-band tilt gain 8 19, a portion of the diagram that corresponds to the R-band is 
enlarged. The R inter-band tilt gain 819 is a difference between the R-band optical probe 
1 0 signal 815 and the R-band average optical strength level 807. Similarly, an inter-band gain 
tilt 820 is determined for the Ll-band while an inter-band gain tilt 821 is determined for 
the L2-band. The above described parameters are simultaneously determined. 

Now referring back to FIGURE 4, a diagram illustrates a preferred embodiment 
of the optical amplifier unit according to the current invention. The preferred embodiment 
monitors determines the output level 706 at a desired level for optical signals across the 
frequency band. As described above, based upon the information in the output level 
setting unit 704, the output level control unit 703 controls the amplifier 701 to generate the 
output optical signal 706 at a desired level. The gain tilt setting unit 713 stores a gain tilt 
setting value that is compared to the output signal from the optical strength monitor B 716. 
In the preferred embodiment, the stored gain tilt value is an average optical strength value 
so that the comparison allows the gain tilt control unit 710 to control the amplifier 701 to 
generate the output optical signal 706 at a constant strength across the wavelength. 

25 To control the above described parameters such as the output level and the gain 

tilt, the optical output signal 706 from the optical amplifier 700A is adjusted in the 
preferred embodiment according to the current invention. Referring to FIGURE 6, a 
diagram illustrates one exemplary implementation of the above described output level 
control in the preferred embodiment according to the current invention. The amplifier 

3 0 70 1 A further includes an EDF 90 1 and an excitation LD unit 902. The output level control 
unit 703 inputs a signal indicative of the desired output level into the excitation LD unit 
902, which in turn excites the EDF 901 for amplifying the input optical signal 705 to the 
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output optical signal 706. Alternatively, referring to FIGURE 7, a diagram illustrates 
another exemplary implementation of the above described output level control in the 
preferred embodiment according to the current invention. The amplifier 70 IB further 
includes an EDF 901, an excitation LD unit 902 and a variable attenuator 100L The 
5 output level control unit 703 inputs a signal indicative of the desired output level into the 
attenuator 1001, which in turn attenuates an optical output signal from the EDF 901 after 
amplifying the input optical signal 705 via an excitation LD unit 902. Lastly, referring to 
FIGURE 8, a diagram illustrates yet another exemplary implementation of the above 
described gain tilt control in the preferred embodiment according to the current invention. 
1 0 The amplifier 70 1C further includes an EDF 901, an excitation LD unit 902 and a variable 
H= gain tilt adjustment unit 1002. The gain tilt control unit 710 inputs a signal indicative of 

S the desired gain tilt level into the gain tilt adjustment unit 1002, which in turn adjusts an 

Ni optical output signal from the EDF 901 after amplifying the input optical signal 705 via an 

1 1 excitation LD unit 902. The variable gain tilt adjustment unit 1002 adjusts the output 

HF 1 5 strength among optical signals with a variable wavelength. 

a 

O The gain tilt control is illustrated in an exemplary graph in FIGURE 9. The x 

r7 axis of the graph represents a range of wavelengths while the y axis of the graph represents 

W an output level. A line 1601 represents a range of predetermined optical signals within a 

2 0 predetermined range of frequencies, and the line 1 60 1 indicates that the output optical level 

is uniform within the frequency range. On the other hand, lines 1602 and 1603 indicate a 
situation where the output signal level at the high frequency side is lower than that at the 
low frequency side. Lines 1604 and 1605 indicate a situation where the output signal level 
at the high frequency side is higher than that at the low frequency side. 

25 

Having explained one preferred embodiment of the gain tilt adjustment in the 
WDM transmission system, the adjusted gain tilt during the multi-stage transmission is 
further illustrated in FIGURE 10. As described before, the transmission loss varies 
depending upon the distance of each span. FIGURE 10 is a diagram illustrating optical 

3 0 signals at various stages of the transmission at the preamplifiers 103(1) through 103(4), the 

line amplifiers 203(1) through 203(4) and the post amplifiers 303(1) through 303(4) as 
shown in FIGURE 3. The diagram illustrates the situation where the input optical signals 
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have a relatively narrow frequency range and a number of the optical signal at a varying 
wavelength is also relatively small in the frequency range. Under the above described 
circumstances, the effects of SRS are insignificant and are ignored. To interpret the optical 
signals at the various transmission stages as shown in FIGURE 10, a total optical signal is 
5 represented by the sum of a signal strength portion at the top and a noise strength portion 
below the signal strength portion as shown in FIGURE 1 1 . 

Still referring to FIGURE 10, the diagram further illustrates the effects of the SRS 
at various points in the transmission and the processing results by the first preferred 
embodiment of the optical amplifier according to the current invention. The various points 
include the preamplifier, the line amplifier and the post amplifier as shown in FIGURE 3. 
The exemplary signal includes four bands as illustrated in FIGURE 2 and is transmitted in 
the above transmission path. In the following descriptions of FIGURE 10, references are 
made to the elements in FIGURES 2 and 3. The WDM optical signal loses some optical 
strength after being transmitted through the optical fiber 400(1). As shown in the second 
column in FIGURE 10, the optical signal generally has a lower energy level and evenly 
across the entire spectrum at the points 220(1) through 220(4) prior to amplification. The 
line amplifiers 203(1) through 203(4) amplify the respective weakened optical signal to a 
predetermined level with a uniform gain as shown in the third column in FIGURE 10. The 
amplified signals in the third column are taken at points 230(1) through 230(4) subsequent 
to amplification by the line amplifiers 203(1) through 203(4). The above described 
amplification is repeated for each span until the signal is transmitted to the receiving unit 
300 so that the output from the post amplifiers 303(1) through 303(4) are also at a 
predetermined level with a uniform gain. The amplified signals in the fourth column are 
taken at points 330(1) through 330(4) subsequent to amplification by the post amplifiers 
303(1) through 303(4). Alternatively, the above described amplification is performed on 
certain spans until the signal is transmitted to the receiving unit. 

The optical signal to noise ratio (SNR) in the optical signals are somewhat 
3 0 wavelength dependent at the points 230(1) through 230(4) in the output from the line 

amplifiers 203(1) through 203(4) and the points 330(1) through 330(4) in the output from 
the post amplifiers 303(1) through 303(4). In other words, the optical signals at the points 
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230(1) through 230(4) have a higher noise ratio in high frequencies while the optical 
signals at the points 330(1) through 330(4) have a higher noise ratio in low frequencies. 
As described with respect to FIGURE 1, the noise ratio depends upon the transmission 
distance of the optical fibers 400, which results in a different input level to a corresponding 
5 optical amplifiers 203(1) through 203(4) and 303(1) through 303(4). Thus 3 even though 
the initial optical signals have the equal optical strength, an increasing or decreasing gain 
tilt results based upon the above factor. Even though the gain tilt compensation is 
performed, the effects of the above described causes for the undesirable gain tilt may not 
be completely eliminated. On the other hand, when the spans are short and or a number of 
1 0 wavelength division multiplexed frequencies is relatively small, the SRS effect is minimal. 
As the result, the gain tilt is relatively small and the optical SNR among the bands is 
controlled to an acceptable level. 



H Now referring to FIGURE 12, a diagram illustrates the exemplary effects of the 

m 1 5 SRS at various points in the transmission and the processing results by the first preferred 

^ embodiment of the optical amplifier according to the current invention. The exemplary 

fT§ signal includes four bands as illustrated in FIGURE 2 and is transmitted in the above 

^ transmission path. The optical signals are illustrated at various stages of the transmission 

□ at the preamplifiers 103(1) through 103(4), the line amplifiers 203(1) through 203(4) and 

fU 2 0 the post amplifiers 303(1) through 303(4) as shown in FIGURE 3. The diagram illustrates 

the situation where the input optical signals have a relatively wide frequency range and a 
number of the optical signal at a varying wavelength is also relatively large in the 
frequency range. Under the above described circumstances, the effects of SRS are 
substantially significant and cannot be ignored. To interpret the optical signals at the 
2 5 various transmission stages as shown in FIGURE 12, a total optical signal is represented 
by the sum of a signal strength portion at the top and a noise strength portion below the 
signal strength portion as shown in FIGURE 1 1 . 

Still referring to FIGURE 12, the diagram further illustrates the effects of the SRS 
30 at various points in the transmission and the processing results by the first preferred 

embodiment of the optical amplifier according to the current invention. The various points 
include ones with respect to the preamplifier, the line amplifier and the post amplifier as 
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shown in FIGURE 3. The exemplary signal includes four bands as illustrated in FIGURE 
2 and is transmitted in the above transmission path. In the following descriptions of 
FIGURE 12, references are made to the elements in FIGURES 2 and 3. The WDM optical 
signal loses some optical strength after being transmitted through the optical fiber 400(1). 
5 As shown in the second column in FIGURE 12, the optical signal generally has a lower 
energy level but unevenly across the entire spectrum at the points 220(1) through 220(4) 
prior to amplification. Due to the SRS effects, some gain tilt has occurred in the optical 
signals at the points 220(1) through 220(4). In general, the optical strength is higher at 
high frequencies than at lower frequencies. The line amplifiers 203(1) through 203(4) 

1 0 amplify the respective weakened optical signal to a predetermined level with a uniform 
gain as shown in the third column in FIGURE 12. The amplified signals in the third 
column are taken at points 230(1) through 230(4) subsequent to amplification by the line 
amplifiers 203(1) through 203(4). Although the output level and the gain tilt are controlled 
in the spectrums 230(1) through 230(4) in the output form the line amplifiers 203(1) 

1 5 through 203(4), the optical SNR varies within a band and among the bands due to the 
interaction between the gain tilt caused by the SRS effects and that caused by the input 
level to the optical amplifiers 203(1) through 203(4). In comparison to the short 
wavelength bands such as the band B as shown in the spectrum 230(1), the longer the 
wavelength is, the more optimal the optical SNR becomes. In fact, the most optimal SNR 

20 is seen in the longest wavelength band L2 as shown in the spectrum 230(4) in which the 
noise component is the least. The above described amplification is repeated for each span 
until the signal is transmitted to the receiving unit 300 so that the output from the post 
amplifiers 303(1) through 303(4) are also at a predetermined level with a uniform gain. 
The amplified signals in the fourth column are taken at points 330(1) through 330(4) 

2 5 subsequent to amplification by the post amplifiers 303(1) through 303(4). 

The optical signal to noise ratio (SNR) in the optical signals is wavelength 
dependent due to the input level to the line amplifiers 203(1) through 203(4) and the SRS 
effects in the optical fiber 400(1) during transmission. As shown in FIGURE 12, the above 

3 0 wavelength dependency exists not only within a band but also among the bands. Contrary 

to the above example, in some case, the shorter wavelength is, the more optimal the optical 
SNR becomes. The gain tilt discrepancy is caused by the varying input level to the optical 
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amplifier as a result of a varying amount of transmission loss per span. Because of the 
combined effects of the gain tilt discrepancy and the SRS effects during the transmission, 
the wavelength-dependency of the optical SNR ultimately becomes significant. As 
illustrated in the fourth column of the diagram in FIGURE 12, the optical SNR is becomes 
5 better as the wavelength also becomes longer with in a band or among the bands. In fact, 
in the longest wavelength band L2, the optical SNR becomes the best as shown in the 
spectrum 330(4). The discrepancy in the optical SNR is substantial among the spectra 
330(1) through 330(4). Under the conditions with the significant wavelength-dependency 
of the optical SNR, it becomes difficult to correctly receive the entire spectrum of the 
L.L 10 WDM optical signal. 

D 

Cl Now referring to FIGURE 13, a diagram illustrates a second preferred 

9 1 embodiment of the optical amplifier according to the current invention. The diagram 

jp illustrates that an optical amplifier 700B monitors an input optical strength Pn_totaP 719 

H 15 and an input probe optical strength Pn_prob' 718 for an optical wavelength signal that is 

g included in a predetermined amplification range. The diagram also illustrates that the 

fU optical amplifier 700B monitors a total output optical strength 715 and an output probe 

I , | optical strength 712 for an optical wavelength signal that is included in a predetermined 

D amplification range. In general, the optical amplifier 700B simultaneously controls the 

2 0 total output optical strength 7 1 5 in the amplification range and the gain tilt. In particular, 
an amplifier 701 amplifies an optical input signal 705 and outputs an optical output signal 
706. An output level control unit 703 controls the output strength of the amplifier 701 
while a gain tilt control unit 710 controls the gain tilt of the amplifier 701. An output level 
setting unit 704 stores an external signal 707 for specifying a target optical output signal 
2 5 strength level. A gain tilt setting unit 713 stores an external signal 708 for specifying the 
gain tilt. A narrow optical range filter 71 1 filters out a certain wavelength probe signal 
from the amplified output signal from the amplifier 701 and inputs the filtered wavelength 
probe signal to an optical strength monitor B 716. The optical strength monitor B 716 
converts the optical wavelength probe signal to an electrical signal Pn_prob 712. 

30 

S imi larly, an optical strength monitor A 717 receives the amplified output signal 
from the amplifier 701 and converts the optical signal to an electrical signal Pnjxrtal 715. 
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A comparator B compares the gain tilt from the gain tilt setting unit 713 and the electrical 
signal Pn_prob 712 from the optical strength monitor B 716. The output of the comparator 
B 709 is inputted into a gain tilt control unit 710. Based upon the comparison result from 
the comparator B 709, the gain tilt control unit 710 automatically controls the amplifier 
5 701 so as to generate the optical probe signal Pn-prob 712 at a level that is stored in the 
gain tilt setting unit 713. If the above comparison result from the comparator B 709 is 
negative, the control performs to negate the negative in the output. On the other hand, a 
comparator A compares the optical output strength from the target output level setting unit 
704 and the electrical signal Pn_total 715 from the optical strength monitor A 717. The 
1 0 output of the comparator A 702 is inputted into an output level control unit 703. Based 
upon the comparison result from the comparator A 702, the output level control unit 703 

□ automatically controls the amplifier 701 so as to generate the optical output signal 706 at a 

level that is stored in the output level setting unit 707. If the above comparison result from 

tj the comparator A 702 is negative, the control performs to negate the negative in the output. 

ft 15 

7 Still referring to FIGURE 13, the second preferred embodiment of the optical 

amplifier according to the current invention farther includes an additional pair of 

U monitoring units at the input side. A narrow optical range filter 720 filters out a certain 

wavelength probe signal from the input signal 705 and inputs the filtered wavelength probe 

Rj 2 0 signal to an optical strength monitor C 721 . The optical strength monitor C 721 converts 

the optical wavelength probe signal to the electrical signal Pnjprob 5 718. Similarly, an 
optical strength monitor D 722 receives the input signal 705 to the amplifier 701 and 
converts the optical input signal 705 to an electrical signal PnJotaF 719. 

2 5 In addition, the second preferred embodiment further includes a discrepancy table 

1201 as shown in FIGURE 14. The discrepancy table 1201 is connected to the optical 
amplifier 700B via a first input line 708 to the gain tilt setting unit 713 and a second input 
line 707 to the output level setting unit 704. Based upon the stored data in the discrepancy 
table 1201, the output level setting unit 704 receives a desired output level value to be 

3 0 stored. Similarly, the gain tilt setting unit 7 13 receives a desired gain tilt value to be 

stored. The output level values and the gain tilt values are calculated in advance and stored 
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in the discrepancy table 1201 rather than being determined on the fly. The above values 
are determined in a manner that will be discussed later. 

In the second preferred embodiment of the optical amplifier according to the 
5 current invention, an exemplary optical signal is essentially identical at the output side as 
illustrated in FIGURE 5. The optical signal includes four bands or frequency ranges B, R, 
LI and L2. For each of the bands B, R, LI and L2, the total optical strength level includes 
a B-band total optical strength level 810, a R-band total optical strength level 81 1, a LI - 
band total optical strength level 812 and a L2-band total optical strength level 813. The 

1 0 average optical strength level includes a B-band average optical strength level 806, a R- 

band average optical strength level 807, a Ll-band average optical strength level 808 and a 
L2-band average optical strength level 809. Furthermore, for each band, an optical probe 
signal is determined and includes a B-band optical probe signal 814, a R-band optical 
probe signal 815, a Ll-band optical probe signal 816 and a L2-band optical probe signal 

15 817. Certain parameters are determined based upon a comparison of the above described 
values. By comparing the average optical strength level and the optical probe signal for 
each band, a gain tilt is determined between the bands at the output side. Between the B- 
band and the R-band, a B-R inter band gain tilt is determined to be a gain tilt 802. 
Similarly, between the R-band and the Ll-band, a R-Ll inter band gain tilt is determined 

2 0 to be a gain tilt 804. Between the Ll-band and the L2-band, a L1-L2 inter band gain tilt is 
determined to be a gain tilt 805. By comparing the average optical strength level and the 
optical probe signal for each band, a gain tilt is determined within each of the bands. An 
inter-band gain tilt 818 is determined for the B-band while an inter-band gain tilt 819 is 
determined for the R-band. To clearly define the R inter-band tilt gain 8 19, a portion of the 

2 5 diagram that corresponds to the R-band is enlarged. The R inter-band tilt gain 8 1 9 is a 
difference between the R-band optical probe signal 815 and the R-band average optical 
strength level 807. Similarly, an inter-band gain tilt 820 is determined for the Ll-band 
while an inter-band gain tilt 821 is determined for the L2-band. The above described 
parameters are simultaneously determined. 



30 



The second preferred embodiment of the optical amplifier is further implemented 
according to the cun-ent invention. As shown in FIGURE 6, the amplifier 70 1 A further 
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includes an EDF 901 and an excitation LD unit 902. The output level control unit 703 
inputs a signal indicative of the desired output level into the excitation LD unit 902, which 
in turn excites the EDF 901 for amplifying the input optical signal 705 to the output optical 
signal 706. Alternatively, as shown in FIGURE 7, the amplifier 701B further includes an 
5 EDF 90 1, an excitation LD unit 902 and a variable attenuator 100 1. The output level 
control unit 703 inputs a signal indicative of the desired output level into the attenuator 
1001, which in turn attenuates an optical output signal from the EDF 901 after amplifying 
the input optical signal 705 via an excitation LD unit 902. Lastly, as shown in FIGURE 8, 
yet another exemplary implementation of the amplifier 70 1C further includes an EDF 901, 

10 an excitation LD unit 902 and a variable gain tilt adjustment unit 1002. The gain tilt 
control unit 710 inputs a signal indicative of the desired gain tilt level into the gain tilt 
adjustment unit 1002, which in turn adjusts an optical output signal from the EDF 901 
after amplifying the input optical signal 705 via an excitation LD unit 902. The variable 
gain tilt adjustment unit 1002 adjusts the output strength among optical signals with a 

1 5 variable wavelength. 

Now referring to FIGURE 15, a diagram illustrates a third preferred embodiment 
of the optical amplifier according to the current invention. The third preferred embodiment 
of the optical amplifier is used as the preamplifier 103 or the line amplifier 203. In a first 
2 0 WDM system 1403, the third preferred embodiment of the optical amplifier 700C further 
includes an amplifier 701, an optical monitor 723, an output level setting unit 704, a gain 
tilt setting unit 713 and a central processing unit (CPU) 1401. The first WDM system 
1403 is connected to a second WDM system 1404 via optical fibers 400, 1402. The CPU 
1401 receives a total input optical strength signal Pnjotal' 719 and an input optical probe 

2 5 signal Pn _prob ? 718 via the optical fiber 1402 from the second WDM system 1404. In the 

optical fibers 1402, the total input optical strength signal Pnjotal' 719 and the input 
optical probe signal Pnjprob' 718 are transmitted in the opposite direction towards the 
first WDM system 1403 from the second WDM system 1404. The The total input optical 
strength signal Pnjotal 5 719 and the input optical probe signal Pnjprob' 718 are 

3 0 transmitted on the optical service channel (OSC) in the optical fibers 1402. CPU 140 1 also 

receives a total output optical strength signal Pnjotal 715 and an output optical probe 
signal Pn_prob 712. Based upon the above signals, the CPU 140 1 calculates a pair of 
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control signals and respectively transmits an output control signal 707 and a gain tilt 
control signal 708 to the output level setting unit 704 and the gain tilt setting unit 713. The 
output level setting unit 704 and the gain tilt setting unit 713 store the received signal. 

Still referring to FIGURE 15, the central processing unit 1401 generates the 
above described control signals. To generate the control signals, the central processing 
unit 1401 determines that the total optical output level of the frequency bands in the optical 
fiber is constant. That is, as shown in the following Equation(2): 

N 

^ Pnjbota + Pn_tota' = constant 



□ 10 Furthermore, the determination is based upon the total output strength Pn_total (n = 1 , 2, 
H . . . . N) of each band and the total input optical strength Pn_total (n = 1 , 2, . . .N) for the 

:Je corresponding optical amplifiers, n = 1, 2, . . . N and n indicates a particular band from a 

2 predetermined set of ranges of frequencies for the optical signals. In other words, the 

i!0 control is performed to hold the following Equations(3) true: 

m PXJbotal + Pl_total' 

H; =P2_total + P2_total' 

q =P3_total + P3_total' 

2 0 =Pn_total + Pn_total' 

where n = 1, 2, . . . N and n indicates a particular band from a predetermined set of ranges 
of frequencies for the optical signals. The sum of the total optical strength Pn_total at a 
transmission unit before transmission and the total optical strength PntotaT at a receiving 

2 5 unit after transmission is identical among the frequency bands (n = 1 , 2, . . . n). 

Now referring to FIGURES 16A and 16B, diagrams illustrate the effect of the 
control as expressed in Equation (3). A left diagram in FIGURE 16A illustrates an optical 
signal whose optical strength level is even across the bands Pl_total 715-11 through 

3 0 P4_total 715-41 before transmission from an amplifier on the transmission side. During 

transmission, the optical signal is affected by the SRS in the optical fiber. ). A right 
diagram in FIGURE 16A illustrates the optical signal whose optical strength level is 
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uneven across the bands Pljitlt 715-12 through P4_titlt 715-42 after transmission to a 
receiving unit from the amplifier on the transmission side. To compensate the above gain 
tilt after transmission, a left diagram in FIGURE 16B illustrates an optical signal whose 
optical strength level is processed to be uneven across the bands Pl_total 715-13 through 
5 P4_total 715-43 before transmission via amplifier control. In other words, the optical 
strength portions Pljitlt 715-12 through P4_titlt 715-42 are respectively subtracted from 
the original even optical signal across the bands Pljotal 715-13 through P4_total 715-43. 
As a result of the above pre-compensation, a right diagram in FIGURE 16B illustrates the 
optical signal whose optical strength level is now even across the bands Pl_totaF 715-14 
1 0 through P4_totar 7 1 5-44 after transmission to a receiving unit from the amplifier on the 
transmission side. As described above, to compensate the gain tilt in each band at the 
receiving unit due to the SRS effect, the same amount of the gain tilt in the opposite 
direction is compensated at the transmission side in advance of transmission. 

15 In addition, the gain tilt control unit uses the probe optical input Pn_prob and the 

total input optical strength Pnjotal that is from an optical amplifier input portion that is 
located adjacent to the optical amplifier to be controlled. The gain tilt control in the optical 
amplifier is expressed by the following Equation(4): 

20 (Pnjbotal + BnJ£otal')/(a number of wavelengths) 

=Pn_prob + Pn_prob' 

where n = 1, 2, . . . N and n indicates a particular band from a predetermined set of ranges 
of frequencies for the optical signals. The following Equations(5) and (6) express the 

2 5 control that is applied to the post amplifiers depending upon necessity in order to flatten 

the gain tilt within a band or among the bands. 

Pljbotal = P2Jtotal = P3 = P4_total 

3 0 Pnjprob = BnJbota.l/Ca jjumber o£ wavelengths) 



where n = 1, 2, . . . N and n indicates a particular band from a predetermined range of 
frequencies for the optical signals. 
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Now referring to FIGURE 17, a diagram illustrates the effects of the SRS at 
various points in the transmission and the processing results by the third preferred 
embodiment of the optical amplifier according to the current invention. The various points 
5 include the preamplifier, the line amplifier and the post amplifier as shown in FIGURE 3. 
The exemplary signal includes four bands as illustrated in FIGURE 2 and is transmitted in 
the above transmission path. In general, the output strength from the intermediate optical 
amplifiers is adjusted so that the optical signal to noise ratio (SNR) is substantially 
identical among the bands in the output from the last post amplifier. As the result of the 
^ 10 above correction, the optical SNR is guaranteed within the bands and between the bands. 

7] FIGURES 1 8 A and 1 8B are a flow chart illustrating steps involved in a preferred 

01 process of adjusting the amplification of a wavelength division multiplexed (WDM) 

2 optical signal according to the current invention. In general, the preferred process adjusts 
K 1 5 the amplification of the WDM optical signal during a transmission over a predetermined 

distance so that the transmitted signal experiences a minimal amount of signal loss as well 
as gain tilt. The preferred process is described with respects to the above described units of 
the first, second and third preferred embodiments as respectively shown in FIGURES 4, 13 
and 15. Referring to FIGURE 18 A, in a step SI, a WDM optical signal is inputted into the 
2 0 amplifier unit 700A, 700B or 700C. The optical strength monitors C 721 and D 722 

respectively monitor a probe optical strength level and a total optical strength level prior to 
amplification in a step S2. The amplifier 701 amplifies the WDM optical signal according 
to a specified output level and a gain tilt in step S3. While the amplification in the step S3 
takes place, the optical strength monitors A 717 and B 716 monitor the amplified WDM 

2 5 optical signal from the amplifier 701 in S4. The comparators A 702 and B 709 
respectively compare the corresponding monitored optical signal to a relevant 
predetermined value in a step S5. In particular, the comparator A 702 compares the total 
optical strength to a predetermined output level value while the comparator B 709 
compares the probe optical strength to a predetermined gain tilt value. The comparison 

3 0 results are used to adjust 1he amplification characteristics of the amplifier 70 1 in a step S6. 
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Now referring to FIGURE 18B, additional steps are further performed in the 
preferred process. After the WDM optical signal is appropriately amplified, the amplified 
WDM optical signal is transmitted towards a receiving unit via an optical fiber in a step 
S7. The distance for the transmission in the step S7 is a span. At the receiving unit, the 
5 transmitted WDM optical signal is monitored in a step S8, and the monitored results are 
fed back to the amplifier unit 700C. Based upon the above monitored results from the 
receiving unit in the step S8 and the monitored results from the step S4, the CPU 1401 
determines the adjustment characteristics for the amplifier 701 in a step S9. Finally, based 
upon the above determined characteristic from the step S9, the amplifier 701 is adjusted in 
10 astepSlO. 

In the first, second and third preferred embodiment, a separate optical amplifier is 
provided for each of the bands in the WDM transmission system. In an alternative 
embodiment, a series of common optical amplifiers is used for all of the bands, and every 
15 one or certain ones of the optical amplifiers is adjusted for gain tilt so as to substantially 
reduce the OSNR. 

It is to be understood, however, that even though numerous characteristics and 
advantages of the present invention have been set forth in the foregoing description, 

2 0 together with details of the structure and function of the invention, the disclosure is 

illustrative only, and that although changes may be made in detail, especially in matters of 
shape, size and arrangement of parts, as well as implementation in software, hardware, or a 
combination of both, the changes are within the principles of the invention to the full 
extent indicated by the broad general meaning of the terms in which the appended claims 

2 5 are expressed. 
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